
 

 

Quantitative Assessment of Colon Distention for Polyp Detection in 
CT Virtual Colonoscopy 

 
Robert Van Uiterta, Ingmar Bittera, Ronald M. Summersa, J. Richard Choib,c, Perry J. Pickhardtd 

 
a Diagnostic Radiology Department, National Institutes of Health, Bethesda, MD 20892 

b Uniformed Services University of the Health Sciences, Bethesda, MD 20814 
c Walter Reed Army Medical Center, Washington, DC 20307 

d Department of Radiology, University of Wisconsin, Madison, WI 53792 
 
 

Abstract 
 

Virtual colonoscopy is becoming a more prevalent way to diagnose colon cancer.  One of the critical elements in 
detecting cancerous polyps using virtual colonoscopy, especially in conjunction with computer-aided detection of 
polyps, is that the colon be sufficiently distended.  We have developed an automatic method to determine from a CT 
scan what percentage of the colon is distended by 1cm or larger and compared our method with a radiologist's 
assessment of quality of the scan with respect to successful colon polyp detection.  A radiologist grouped 41 CT virtual 
colonoscopy scans into three groups according to the degree of colonic distention, “well”, “medium”, and “poor”.  We 
also employed a subvoxel accurate centerline algorithm and a subvoxel accurate distance transform to each dataset to 
measure the colon distention along the centerline. To summarize the colonic distention with a single value relevant for 
polyp detection, the distention score, we recorded the percentage of centerline positions in which the colon distention 
was 1cm or larger. We then compared the radiologist's assessment and the computed results.  The sorting of all datasets 
according to the distention score agreed with the radiologist's assessment.  The "poor" cases had a mean and standard 
deviation score of 78.4% ± 5.2%, the "medium" cases measured 88.7% ± 1.9%, and the "well" cases 98.8% ± 1.5%.  All 
categories were shown to be significantly different from each other using unpaired two sample t-tests.  The presented 
colonic distention score is an accurate method for assessing the quality of colonic distention for CT colonography. 
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1. Introduction 
 
Colorectal cancer is the second leading cause of cancer related deaths among men and women in the United States [1].  
Most colon cancers can be prevented if precursor polyps are detected early in their course and successfully resected.  
CT colonography, also known as virtual colonoscopy, is an emerging technique for non-invasively performing colon 
cancer screenings [2].  Using this technique, a patient who has had his/her colon sufficiently insufflated undergoes an 
abdominal CT scan and from this scan a 3D virtual model of the colon can be constructed.  This model then can be 
inspected in a manner similar to conventional optical colonoscopy.  CT virtual colonoscopy scans also can be analyzed 
automatically to assist a radiologist in the detection of polyps [3]. 
 

The purpose of this study is to develop an automatic method to determine how well a colon is distended from 
CT virtual colonoscopy scans.  This process may aid in evaluating whether the acquired data is sufficient for a 
radiologist to diagnose or for the computer-aided detection of polyps.  More specifically, the purpose is to determine 
whether the calculated percentage of colon distention of 1cm or larger along the computed colon centerline agrees with 
a radiologist's assessment of quality of the CT scan with respect to successful colon polyp detection. 
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2. Methods 
 

The dataset consisted of 41 CT virtual colonoscopy scans.  Even though the colonic insufflation protocol was intended 
to be the same, the actual degree of colon insufflation varied greatly between patients. The colon was segmented from 
the CT scan using a level set segmentation method [4].  Collapsed colon segments were bridged by straight lines.   

 
The method used to automatically calculate the distention consisted of two steps:  calculating the Euclidean 

distance map for the colon and computing the centerline of the colon.  The Euclidean distance transform was computed 
by the subvoxel accurate Euclidean distance transform for n-dimensional data [5].  From a level set segmentation, the 
subvoxel accurate Euclidean distance transform was computed in multiple passes using linear interpolation at the 
boundary voxels to determine the distance to the boundary followed by a previously presented algorithm similar to the 
Saito-Toriwaki distance transform method. The first pass was along the x-axis of the segmentation dataset, where the 
voxels were traversed in scanline order. During this forward scan, we checked for any crossing over the boundary into 
the object. In this case, linear interpolation was used to find the position of the zero-crossing which was between the 
current and previous voxel.  All subsequent voxels that were inside the object are assigned values that increment the 
previous scanline voxel value by the x-spacing. Upon completion, the scanline was again traversed in the opposite  

 

 
Figure 1: Distance transform of colon.  Darker colors represent small distances from the boundary, while lighter colors indicate larger 
distances from the boundary. 
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